NEUROLOGY in the Services in the Middlc East and India was mainly concerned with infections of the central and peripheral nervous svstems. There were striking differences in the susceptibility of British and Dominion troops as compared with Indian troops. For example, acute poliomyelitis was relatively common in the former, but distinctly rare in Indian troops, whilst in India, acute toxic polyneuritis was rare amongst British troops, but commoner than poliomyelitis in Indian personnel. Diphtheria was so rare in Indian troops that I personally have not met with a case of polyneuritis due to that cause in an Indian. And lastly, meningococcal meningitis was practically confined to Indian and African troops. MENINGITIS Meningococcal meningitis.-In India, two factors wvere responsible for outbreaks qf meningococcal meningitis during the winter months. First, the inevitable overcrowding which resulted from the rapid expansion of the Indian Army, and secondly, malnutrition, particularly in recruits to labour battalions. During the first ten months of 1943 approximately seventeen hundred cases were notified. The mortality rate exceeded 15%. An attempt was made between 1943 and 1945 to reduce both the incidence of the disease and the mortality rate, by propaganda amongst O.C.s of Indian units anil their medical officers to ensure that there was a minimal delay in cases reaching hospital, and bv raising the standard of medical and nursing care in hospitals. Late in 1944, in addition to these measures, a trial of sulphamezathine was made. Early in that year this drug was introduced into India for use by neurosurgical units. It was found that large doses, -namely 3 grammes four-hourly, given intravenously, were necessary in order to maintain a C.S.F. concentration of 1O mg.% (Johnson and Dick, 1945) . With these doses meningitis in head wounds was effectively controlled. Similar doses were recommended for use in severe cases of meningococcal meningitis. In addition, the feeding of comatose patients by means of an intragastric Ryle's tube, and the nursing of patients in a proppedup position, as practised by Lieut.-Colonel G. Ransome, I.M.S. (1944), in the treatment of cerebral malaria were advocated. A trial of these methods was made in a number of hospitals throughout India. I am indebted to Brigadier B. Schlesinger, Consulting Physician, for the following figures relating to Central Command.
NEUROLOGY in the Services in the Middlc East and India was mainly concerned with infections of the central and peripheral nervous svstems. There were striking differences in the susceptibility of British and Dominion troops as compared with Indian troops. For example, acute poliomyelitis was relatively common in the former, but distinctly rare in Indian troops, whilst in India, acute toxic polyneuritis was rare amongst British troops, but commoner than poliomyelitis in Indian personnel. Diphtheria was so rare in Indian troops that I personally have not met with a case of polyneuritis due to that cause in an Indian. And lastly, meningococcal meningitis was practically confined to Indian and African troops. MENINGITIS Meningococcal meningitis.-In India, two factors wvere responsible for outbreaks qf meningococcal meningitis during the winter months. First, the inevitable overcrowding which resulted from the rapid expansion of the Indian Army, and secondly, malnutrition, particularly in recruits to labour battalions. During the first ten months of 1943 approximately seventeen hundred cases were notified. The mortality rate exceeded 15%. An attempt was made between 1943 and 1945 to reduce both the incidence of the disease and the mortality rate, by propaganda amongst O.C.s of Indian units anil their medical officers to ensure that there was a minimal delay in cases reaching hospital, and bv raising the standard of medical and nursing care in hospitals. Late in 1944, in addition to these measures, a trial of sulphamezathine was made. Early in that year this drug was introduced into India for use by neurosurgical units. It was found that large doses, -namely 3 grammes four-hourly, given intravenously, were necessary in order to maintain a C.S.F. concentration of 1O mg.% (Johnson and Dick, 1945) . With these doses meningitis in head wounds was effectively controlled. Similar doses were recommended for use in severe cases of meningococcal meningitis. In addition, the feeding of comatose patients by means of an intragastric Ryle's tube, and the nursing of patients in a propped- Two of the deaths in 1945 were due to the fulminating form of the disease; sulphamezathine was not given in either of these cases.
Acute benign lymphocytic meningitis.-From 1941 onwards, a lymphocytic type of meningitis was seen in the Middle East in increasing numbers, and at first the classification of these cases was difficult. Many of them closely resembled sandfly fever, but after some months it became clear that in this condition a true meningitis is rare. It was noted that the majority of cases occurred during the spring and summer months. The onset was characterized by malaise, fever, headache, vomiting and a considerable degree of prostration. Neck stiffness was present in varying degrees; Kernig's sign was usually negative. The deep reflexes were normal, depressed or rarely absent. Drowsiness was a feature in some cases, but signs of encephalitis were absent. The average duration of the fever was five days. Recovery was rapid, and no relapses or organic sequelhe occurred.
The cell increase in the C.S.F. varied from 20 to several hundred cells, mainly lymphocytes. The fluid returned to normal within three weeks. Neutralization tests in some of these cases proved that the majority were not due to the virus of acute chorio-ineningitis. No proof of case-to-case infection was found, nor were there any features to suggest droplet spread; on the other hand no vector could be traced. In 1941 abortive cases of poliomyelitis were reported by Major J. Caughey, N.Z.A.M.C., thus making the sorting out of these cases of lymphocytic meningitis more difficult.
In the latter part of 1941 cases began to crop up which resembled acute benign lymphocytic meningitis, but differed from them in that one or more relapses of headache and (Cooper, 1942; Scott, 1944) . The strains of spirochiete included Sp. recurrentis and persica, both of which are highly neurotropic in animals. In order to estimate the frequency with which the nervous system is involved in man, it would be necessary to examine the C.S.F. at intervals in every case of relapsing fever; this was iinpossible under wartime conditions, but I had the impression that the nervous system was frequently invaded. I have notes of 84 cases in which neurological signs were present: (a) Meniizgitis.-This occurred in 80 of the 84 cases (95%). It may be noted as earlv as the second or as late as the eighth relapse of fever. Severe headache is the characteristic symptom. Signs of meningitis are not always present. As a rule with each recurring bout of fever the meningeal signs become more acute. The C.S.F. shows a pleocytosis which may vary from 20 to over 2,000 cells per c.mm. Lymphocytes predominate or mav constitute the total cell count. The protein content is increased, sometimes exceeding 150 mg. in the more chronic cases. The W.R. may becom.e positive and the fluid mav give a paretic colloidal gold curve. These two findings are sometimes dissociated, the paretic curve being more common than a positive W.R. As a rule the fluid returns to normal within a few 'weeks of the cessation of fever; rarelv the fluid may be abnormal for six months from the onset.
(b) Meningo-encephalitis. 24 of the 84 cases (28%) showed encephalitic signs, which .ippeared between the third and eighth week. Drowsiness is a marked feature; when roused, the patient shows a lack of facial expression and is mentally dull. Diplopia is relatively common. Unilateral or bilateral pyramidal signs may be present, while cerebellar signs consisting of nvstagmus, dysarthria and ataxia or tremor of the limbs are not infrequent.
(c) Facial palsy.-18 of the 84 cases (21 %) showed a facial palsy of peripheral type.
It appears between the third and tenth week of the disease and is usually accompanied by fever. In 4 cases the condition was bilateral and in each of these cases a few days to a week elapsed before the face on the opposite side was affected. In only 4 of the 18 cases were definite signs of encephalitis present. Not infrequently there is relative sparing of the frontalis, but otherwise the condition resembles the ordinary form of Bell's palsy. Pain was not a feature, and in those cases in which it was tested, taste was usually reported as normal. Hearing was not affected. In 14 of the 16 cases in which the C.S.F. was examined, a pleocytosis was present.
(d) Eye complications.-Papillcedema occurred in 11 of the 84 cases (13%), usually in the later stages of the disease. It was associated with a rise of C.S.F. pressure. With repeated lumbar puncture the condition slowly subsided, but in 3 cases it persisted for some weeks. Loss of vision may be due to a papillitis, to an iridocvclitis or to a uveitis. These complications are comparatively rare.
The following case illustrates some of the complications already mentioned:
Lieutenant R. M., aged 29, left Tobruk on June 25, 1942. About, the middle of July he developed fever and this recurred at weekly intervals. On August 24 he was admitted to hospital with severe headache and vomiting of four days' duration. Temperature 100'.
Except for neck stiffness there were no physical signs. The C.S.F. contained 485 cells per c.mm., mainly lymphocytes and 100 mg. protein. Blood films were negative for spirochates. The headache persisted during the next week. At the beginning of September he felt much better, but the C.S.F. showed a strongly positive W.R., with a paretic type of Lange curve.
Blood W.R. was negative. He received arsenical treatment, but a degree of headache persisted. The C.S.F. pressure varied between 130 and 170 mm. during the first two weeks in hospital, but by September 14 had risen to 190 and early papilloedema was noted. On September 17 severe headache with meningeal signs recurred. The C.S.F. findings were unaltered. By the end of September he was free from headache and the fundi were normal. The C.S.F. pressure was 140, lymphocytes 33 per c.mm., protein 65 mg. W.R. doubtful. Lange curve 5543331000. He was discharged to a convalescent depot on October 21. On November 26 he reported to hospital feeling quite fit. TheXC.S.F. was normal in every respect. In this ca,se the spirochete was never isolated despite many examinations.
On the whole the prognosis as regards neurological sequelce is favourable. In a small percentage of cases signs of a chronic meningo-encephalitis persist for some weeks after fever has ceased. Headache, impairmyent of memory, efficiency and initiative may be noted. The C.S.F. is usually abnormal. Since the more chronic cases were evacuated it was impossible to follow them up.
Treatnient.-Arsenical preparations were disappointing, both in the early and late stages. However, we had the impression that cases untreated initially were more prone to develop neurological signs. In future, the effective control of this disease will be possible by the uise of penicillin.
Acu rE POLIOMYELITIS
This disease was of importance in the Middle East and India for two reasons. First, it was commoner than in the U.K., and, secondly, there was a high mortality, ranging from 18% to over 30% . In addition, there were facts of considerable epidemiological interest (Seddon et al., 1945; McAlpine, 1945) .
Prodromal symptoms lasting two to ten days were the rLule. In many cases the symptoms cleared up after two or three days, only to return a few days later and be followed by signs of invasion of the nervous system. This constitutes the so-called dromedary type of prodromata as described by Draper (1917) .
These prodromal symptoms could be roughly divided into three groups:
(1) The influenzal group characterized by headache, shivering, malaise, anorexia, backache and pains in the limbs.
(2) The catarrhal group in which some of the above-mentioned symptoms were associated with sore throat, coryza or a cough.
(3) The gastro-intestinal group in which vomiting and diarrhoea were prominent. It is probable that in many individuals these symptoms were not followed by paralysis, but the detection of these abortive cases in tropical countries, except during an epidemic, is a matter of great difficulty. These cases are important since we now know that the virus is usually present in the stools of such cases, and consequently they may play a part in the further dissemination of the disease. It seems clear that in acute poliomyelitis there is a preliminary phase of systemic infection and that the invasion of the nervous system by the virus may depend on local factors in the throat or intestine which favour its passage to nervous tissue With regard to the distribution of the paralysis, in the majority of cases the lower dorsal and lumbosacral cord bore the brunt of the disease. The paralysis was often roughly symmetrical. As a rule the muscle groups acting on the hip and knee joints were more affected than the distal muscles. The lower abdominal and erector spinae muscles often shared in the paralysis. In the Middle East and India approximately 50% of all cases had retention of urine; this was usually temporary, but in a small percentage of cases a suprapubic cystotomy was necessarv.
Turning to the mild cases, localized and symmetrical paralyses were occasionally met with. For example, I have seen paralysis limited to the masseters in one case, and to the sternomastoids in another.
Fatal cases fell into two groups: (1) The ascending type, and (2) the cervico-bulbar or bulbar type. The ascending type was common in the Middle East and India. The rapid and relentless upward spread of the disease from the lumbar cord in a previously healthy individual was a picture with which we became all too familiar. The majority of bulbar cases were fatal, although a few survived. Death might take place suddenly as in the following case:
Major J. C. B., agedi 32, travelled from Delhi to Calcutta on November 27, 1944. On November 30 he complained of headache, vomiting and dizziness. He was admitted to hospital on December 2. His temperature was 100-4°. He was drowsy and complained of headache, but meningeal or other abnormal signs in the central nervous system were absent. The cerebrospinal fluid showed a normal cell and protein content. Fever continued, and on December 5 he complained for the first time of slight difficulty in swallowing, but his speech and breathing were normal. He now showed slight necK rigidity. His condition remained the same until the following afternoon when he asked for a bed-pan.
A few minutes later he became incoherent and died. At post-mortem there were changes typical of polio-encephalitis.
We encountered quite a few cases in which the C.S.F. was normal either during the meningitic or paralytic phase of the disease. I roughly estimated such cases to constitute 5% of the total.
Treatment.-The use of iron lungs in tropical climates necessitates either the nursing of the patient in an air-conditioned room, or, less satisfactorily, the reduction of temperature inside the lung by means of ice placed on a tray. A team of medical officers, sisters and nursing orderlies wh(o have had previous training in the use of this instrument is essential. An iron lung is useless in cases of bulbar palsy. Survival mav depend on keeping the airways clear, preferably by a rubber tube attached to a suction apparatus; this is not possible with a patient in an iron lung. Persistent pain in the paralysed limb was frequently met with. Failure to relieve the pain by heat and analgesics, and to maintain a full range of passive movements, resulted ir stiff joints.
In India we conifirmed the valuLe of a swimming pool during the convalescent stages.
Not only are exercises carried out to better advantage under water, but this treatment shares first place with occupational therapy in maintaining morale. POLYNEURITIS (a) Diphtheritic.-Several hundred cases of polyneuritis occurred irl British and Dominion troops serving in the Middle East between 1940 and 1943. Nearly all of these cases were due to diphtheria. In India, diphtheria was uncommon during the war until the second half of 1944 when about 200 men of a special force employed in Burma were evacuated with polyneuritis which proved to be diphtheritic.
Both in the Middle East and India, approximatelv one-third of the cases were considered to be due to cutaneous infection. In cases with a cutaneous lesion and a history of a sore throat, it was not always easy to decide which was the focus of infection. If there was a history of paralytic throat symptoms then the case was considered faucial. but if such signs had never been present then an extrafaucial focus was presumed. Many cases of faucial infection were atvpical either because of an associated streptococcal infection or because the throat signs were slight; consequently at times there were delays in administering serum, and this delay increased the risk of paralysis. Cutaneous infections were remarkable for their variety. The commonest lesion in the TMiddle East was the desert sore and in Assam and Burma its coLunterpart the jtlngle sore. Examples of polyneuritis were seen following a diphtheritic infection of a whitlow, scabies, an abscess, an infected in-growing toenail, and an infected heemorrhoid.
Diphtheritic infection of wounds was rare both in the Middle East and India. I have nothing to add to the excellent description of these cases given by Dr. Walshe in 1919 based on his experience in the M.E. during the first World War (1917, 1918) . He divided the paralytic signs into local, specific and generalized. In a series of 30 cases of polyneuritis following skin infection he noted in 27 % of these cases an onset of paralysis anatomically related to the infected focus. We have questioned manv cases in this war as to whether the weakness began in the limb affected by the principal skin lesion, and have examined them from the point of view of an asymmetrical weakness corresponding to the infected limb, but the percentage of cases giving positive evidence of a local paralysis has been small. Localized numbness with or without sensory loss has been found somewhat more frequently. On the other hand, a certain number of typical cases of local palsy have been seen which support the general truth of Dr. Walshe's observations.
It is difficult to understand why paresis of accommodation, since it is a specific sign, should apparently be less common in extrafaucial as compared with faucial infection. An explanation may lie in the fact that following cutaneous infection there may be no local paralysis, and that a slight degree of paresis of accommodation, particularly in men engaged in active operations in the Field, may pass unnoticed or be forgotten by the time polyneuritic symptoms develop. Major A. D. Leigh, R.A.M.C., in an analysis of 100 cases of diphtheritic polyneuritis found that there was little difference in the incidence of paresis of accommodation in faucial and extrafaucial cases. With regard to treatment, in the early years of the war there was a tendency to immobilize severe cases in bed for weeks on end. Lieut.-Colonel Garland, R.A.M.C., who was in charge of a Neurological Centre in S. India, found that rapid improvement is possible, even in cases with gross postural loss, by means of exercises at first carried out in bed and later in a class under the supervision of a masseuse an(d P.T. Instructor. Since cases did not, as a rule, reach this centre for at least six weeks after infection, seriouis myocardial complications were not seen, and minor degrees of effort syndrome soon cleared up under this regime. No uncomplicated case of diphtheritic paralysis was evacuated to U.K. by this centre during 1944.
(b) Nuttritional.-Polyneuritis complicating tvphoid was occasionally seen. For example, in 1942 in one hospital in the Middle East I saw four such cases in which there was a history of prolonged fever and mental confusion which had led to difficulties in feeding.
In two of these four cases, deafness preceded the onset of polyneuritic symptoms. In scrub typhus tenderness of the calves and feet is relatively common in severe cases, whilst a fully developed polyneuritic picture is not a rarity. The explanation is the same as in typhoid, namely inadequate feeding. In scrub typhus nerve deafness is common, but occurs independently of a polyneuritis. Several examples of Wernicke's encephalopathy were seen. The following is the historv of one such case which I saw in the Middle East:
Lieutenant M., aged 29 was admitted to hospital on October 24, 1941, with infective hepatitis of one month's duration. Complete anorexia and frequent vomiting persisted after admission. The calorie intake was less than 500. On November 16 he complained of numbness round his knees. On November 27 double vision with a partial external ophthalmoplegia and nystagmus were noted. On December 2 he appeared emaciated and ill. There was no mental confusion. The ocular findings were confirmed. There was numbness with slight sensory loss on the feet. A diagnosis of Wernicke's encephalopathy was made. Treatment by daily injections of aneurin and additions to the diet resulted within a fortnight in rapid improvement in his general condition, cessation of vomiting, a return of appetite and disappearance of the eye signs; however, polyneuritic signs became more evident and persisted for some weeks.
A syndrome of great interest restilting from the association of a defective diet with dysentery was observed in German prisoners of war in the Middle East by Spillane and Scott (1945) . Similar cases have recently been seen in India in British and Indian troops returned from captivity.
HEAT STROKt
In India heat stroke was one of the principal medical causes of death amongst British other ranks. Improved methods of treatment have led to a lowering of the mortality rate, but as might be expected, some of the men who survived showed permanent sequelce. The effects of heat stroke on the brain are at first generalized. On recovery from coma a variety of signs may be present, including severe meftal confusion with incontinence, aphasia, pyramidal and cerebellar signs. As recovery proceeds the patient becomes orientated, ceases to confabulate, shows progressive improvement in memory, and is no longer incontinent. In short, the mental picture is very similar to that seen after a severe head injury. In a small percentage of cases this favourable course is not followed, a gross memory defect, both for recent and past events, persists and is accompanied by lack of interest, childish behaviour and incontinence. These signs of dementia vary in their severity and in the extent to which they eventuallv clear up. Tuiability to talk may be due to aphasia or to a gross dysarthria; both of these defects may be found in the same patient. Signs of a unilateral or bilateral hemiplegia clear up as a rule, although incompletely in some cases.
The most interesting sequel to heat stroke is a cerebellar picture. In July 1942 I examined three men in the Middle East who had recovered frem heat stroke; all three were dysarthric and showed ataxia in their limbs, and unsteadiness in walking. None showed nystagmus. In two of these cases the signs cleared up in the course of a few weeks, but in the remaining case they persisted in association with signs of a gross dementia. In India I saw several similar cases, of which the following is an example: Sergt. P., aged 40, on June 17, 1944, travelled 100 miles in a lorry west of Calcutta. He arrived at his destination in coma and was at once admitted to hospital where his rectal temperature was found to be 110°. Blood slides were negative for malarial parasites. He received energetic treatment for hyperpyrexia. On the evening of June 19 he recovered consciousness. He was moderately confused and incontinent. His speech was grossly dysarthric. He continued to improve slowly. On July 24 he appeared euphoric and showed involuntary laughter. He was well orientated and his memory was only slightly impaired for recent events. There was a rotatory nystagmus, especially to the right. Gross ataxia was present in both upper and lower limbs and he was unable to stand unsunported. The jaw-jerk was increased and there were signs of mild double hem:plegia. The picture he presented was very similar to that seen in advanced disseminated sclerosis. Two months later his condition was virtually unchanged.
Similar cases have been reported by Weisenberg (1912), R. XI. Stewart (1918) , and recently bv Freeman and Dimoff (1944) . Stewart postuilated a cortical cerebellar lesion in his case and Freeman and Dimoff reported a case fatal on the third dav in which changes in the cerebellum were maximal in the region of the Purkinje cells. Although in the case I have cited nvstagmus was present, as a rule it is absent. Confirmation of a cortical cerebellar atrophy in these cases has been found by Major L. Krainer, R.A.M.C., a neuropathologist working in India.
